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Features of modern CT

e Variable kernels

e |terative reconstruction

e Tube current modulation
¢ Special applications
— Spectral methods and applications
— Cone-beam CT
— Cardiac CT
— Perfusion imaging

ASiR (GE)

Iterative recons

SAFIRE (Siemens)
AIDR (Toshiba)
iDose (Philips)

* Significant potential for dose reduction
¢ Potential for improved image quality
¢ Increased vendor-dependence

¢ Unconventional image appearance
e Limited utility of prior quality metrics

¢ Need for nuanced implementation for
effective improvement in patient care
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FBP Iterative
Reconstruction Reconstruction
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Low Dose CT @ 114 DLP, 1.9 mSv Court d and Dr Nieboer, UZ Brussel




8/2/2016

Non-Stationary Noise and Resolution

The Local NPS and MTF
NPS MTF

Noise and resolution model for Penalized Likelihood (PL) model-based reconstruction.*
Predictive framework for NPS, MTF, and detectability index (d’) enables task-based design and
optimization of new systems using iterative reconstruction.

*Fessler et al. IEEE-TIP (1996)
G. Gang et al. Med Phys 41 (2014)

Outline

¢ Methods
— Select procedures

Methods

1. Visual inspection

2. Basic performance

Summarizing existing methods in tabular form

3. Operational performance
Tube current modulation

Spatial resolution
Noise

Quasi-linear task-based performance
Spatial domain task-based performance

Appendix




Basic performance
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Geometrical
performance

Laser al'gnmem accuracy
able indexing accura 1
Slice position accuracy
Slice thickness accul
Slice thickness accuracy

Ganty y lilt accuracy

Radiation performance

Half-value layer
Exposure m%uclﬂ\ ity
Imer reproduci l!
Exposure linearity
b accuracy

imer accuracy

Radiation beam le
Adaptive collimation
urac,

Dose of digital survey radiography

Tmaging performance

CT number accu
TT number umﬁrml%
[ Geomemnc dstorion |
Artifact assessment
ine-pair resolution
Nofse magnitude

Low-conirast detectability
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protocols
CTDI | kVp mA Mode/Pitch Reconstruction
0.75 | 120 Fixed mA fo Helical, ~1 FBP, IR at mid,
15 achieve target upper-mid, and max
3.0 CTDI £ 10% settings
50|
12.0 “standard” kernel
24.0 .
30 | 70 (or B0) [Helical, =7, urless a | ~0-6 and 5 mm slice
30 100 lower pitch is needed | thickness
3.0 150 (or 140) to achieve the CTDI
15 120 AEC setting 1o | Helical, =1
achieve target
6.0 CTDI £ 10%

Quasi-linear task-based measurements
Mercury Phantom 3.0

¢ Size matching population cohorts
¢ Designed for size, AEC, and d’ evaluations
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MP 3 Water size Abdomen Chest Head
Sechon equivalent e Percentile | Age Percentile | Age Percentile
0 12 0 50
0 5

120 mm 112 mm
7 5 5.5 5]
6 50 10 50 3 95
185 mm 177 mm
15 5 16 5] 12 50
3 95 8 95
230 mm 220 mm 12 50 - -
21 5 16 50
12 95
300 mm 290 mm 19 95 - =
21 50
370 mm 355 mm 20 95 - - - -

MP 3 Water size Abdomen Chest Head
section equivalent M

120 mm

112 mm - - - - - -

185 mm 177 mm = = = o 25 75

230 mm 220 mm 0.4 9 0.06 14 - -

300 mm 290 mm 27.1 61 14 48 = =

370 mm 355 mm
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Criteria for goodness of d’
calculation methods

e Strong correlation with
human results
» FBP

— Coefficient of determination (R?) o ADMIRE
used as goodness of fit metric. 4 —Fit

e Correlation independent of (b
reconstruction algorithm
— Error, E, of linear discriminator
used (bigger = better).
¢ Confidence interval for d’
should be small

— Average Clgg, used.

Normalized to unity slope

Simple Metrics Fourier-Based Image Based

Detection Accuracy

05 06 07 05 06

NPW

Detection Accuracy

08 09 1

Avpwe

Comparing statistics across
models

1 0.5
0.8 0.4

06 03
04 0.2
02 01

o M 0

CNR CNRa NPW NPWE CHO CHOI CNR CNRa NPW NPWE CHO CHOi

I Closy |

CNR CNRa NPW NPWE CHO CHOi
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Model Comparison

Correlated with humans?

Computed for generic tasks not
present in phantom?

Handling non-linearity or non-
stationary noise?

Correctly characterizing
different recons?

Acceptable uncertainty for a
reasonable # of images?

an=c_ (-

peak
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Task-based dose reduction

Task-based dose reduction

o000
o000
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Detectability index across
protocols — pilot national trial

dprimeAcrylic
- -
350 i i
250 -
- i
200 H
F & i i
T T H E. T
150 H E = H
e o s
—_ —_
PedsHead PedsAbd AdultsAbd _Unknown Al
#Protocols 15 13 18 17 4 67
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